INTRODUCTION
Recent advances in bone tissue engineering provide a new dimension and promising approach to treat harmful conditions associated with bones (1). Bone is a natural composition of organic (approximately 90%) fibrils of collagens (Type I, II, III, and IV), fibronectin, laminin, tenascin, and vitronectin and inorganic molecules (such as hyaluronic acid or HA [Ca 10 (OH) 2 (PO 4 ) 6 ] that serve as the bone matrix. All of which are embedded in a wellorganized, well-arrayed nanocrystalline and rod-like inorganic material with a length of 25-50 nm (2, 3). Bone is the second most transplantable tissue in the body, which is extensively used in orthopedic applications (4). Due to its high bioactivity, biocompatibility, and biointegration, HA, has traditionally been used as a bioceramic filler in polymer-based bone substitutions (5, 6). Moreover, HA shows close affinity to many adhesive proteins and contributes directly to osteoclast defense and mineralization (7, 8) . Synthetic hydroxyapatite (HA) exhibits similar chemical composition to the inorganic minerals of natural bone, and thus may be ideal as a bone substitute in biomedical applications (9, 10). However, studies have demonstrated that HA exhibits poor mechanical properties, including high brittleness and low elasticity thus limiting its application directly as a bone substitute in the bone tissue engineering (9, 10). In view of this, synthesis and characterization of nano sized HA have received intensive interest in nanoscience and nanotechnology (11, 12). However, it needs a supportive biodegradable skeleton such as polycaprolactone (PCL) fibers. Thus PCL/HA composite nanofibers are attractive for tissue scaffold applications.
Polycaprolactone (PCL) is a biodegradable, recyclable, polyester with remarkable toughness and biocompatibility (13). Furthermore, it is a highly flexible semi-crystalline aliphatic polymer with hydrophobicity and potent mechanical strength, and has a slower degradation rate with high fracture energy as compared to biopolymers such as starch, cellulose, and chitin (13).
An ideal porous scaffold for bone tissue engineering should be biocompatible, biodegradable, flexible, and absorbable. In addition, best-suited scaffold(s) should have good porosity, pore size, and interconnections between pores. Furthermore, a scaffold should have sufficient mechanical strength and facilitate good cell-scaffold interactions (14, 15) . The combination of bioactive ceramics and biodegradable polyester to produce three-dimensional scaffolds with high porosity is an emerging idea for designing and developing novel composite systems for bone tissue regeneration (14, 15) . Bone tissue engineering scaffolds were previously synthesized as composites, by the introduction of HA nanoparticles within polymeric matrices or by the mineralization of HA-nanoparticles on the surface of polymeric substances (11). However, researchers found that PCL alone showed high hydrophobicity, poor surface wetting and interactions with biological fluids, and displayed an aversion to cell adhesion and proliferation (2, 3). PCL is often used as a polymer matrix in nanocomposites such as osteogenic and osteoinductive inorganic phages, such as HA to confer its high bioactivity to the polymer based composite stimulating bone regeneration. Thus, electrospun scaffold(s) shows greater efficiency as compared to pure HA (6). In addition, scaffolds after HA applications were able to maintain their mechanical properties for an appropriate duration (16, 17) . This suggests that PCL/HA application may preserve scaffold structural stability and enhance its efficiency. Moreover, HA particles demonstrated poor interfacial adhesion when dispersed in polymer matrix due to a different chemical nature and surface energy, and results in degradation of the mechanical properties to the composite.
The goal of this investigation was to prepare and characterize a polymer-ceramic composite by introducing different concentrations of HA with in vitro biocompatibility of the characterized organo-ceramic composite. To achieve this goal, Neat-PCL, PCL/HA (1%, 5%, and 10%) scaffolds were synthesized using electrospinning methods. Organo-ceramic composites were characterized using FTIR, DSC, and SEM. In addition, the biocompatibility of the composite was evaluated on hMSCs by performing following assays: cellular proliferation, colorimetric (ECM cell the adhesion molecules) and cell spreading. Morphological studies were also performed. A clear-cut difference in heat flow scans and absorbances were observed between Neat-PCL and PCL/HA (1%, 5%, and 10%) using DSC and FTIR respectively. Furthermore, cell proliferation/differentiation, cell spreading, cell morphology, and the expression of ECM cell adhesion molecules were higher as compared with the control.
MATERIALS AND METHODS

Reagents
The bone-marrow derived human mesenchymal stem cells (hMSCs), its culture media, fetal bovine serum (FBS), L-Alanyl-L-Glutamine, Insulin-like Growth Factor-1, basic Fibroblast Growth Factor, and 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide were obtained from American Type Culture Collection (ATCC, VA, USA). Acridine orange and propidium iodide working solution, ECM cell adhesion array kit (colorimetric; ECM540) for collagen-I, II, and IV, fibronectin, laminin, tenascin, and vitronectin were obtained from ThermoFisher Scientific (MA, USA). All other chemicals stated were either purchase from Sigma (MO, USA) or Thermo Fisher Scientific (MA, USA).
Electrospinning of scaffolds
Solutions of PCL were prepared by dissolving PCL pellets (Lactel Polymers, Hoover, AL) in a solvent (chloroform: methanol = 3:1 v/v) to achieve a 15-wt.% solution and electrospun at a high voltage of 15 kV (M826, Gamma High-Voltage Research, Ormond Beach, FL) to create Neat-PCL. A feeding rate of PCL solution 2 mL/h was set in a syringe pump (KD Scientific, Holliston, MA) and a grounded aluminum collector plate was placed approximately 12 cm from the tip of the needle. To make composite fibers of PCL with HA, HA nanoparticle powder (~100 nm particle size and 15 m 2 /g surface area, Nanocerox Inc., Ann Arbor, MI, USA) of desired amount (wt.%) was dispersed in the solvent system using a magnetic stirrer for 30 min. The PCL was then dissolved, and the solution was electrospun. The spinning parameters such as the electric field, feed rate and distance between the needle and the collector were also kept the same for the electrospinning of Neat-PCL. The mesh removed from aluminum was dried at room temperature and kept for 1 week in a desiccator to evaporate from any residual solvent. Samples were denoted as Neat-PCL and PCL/HA (at 1%, 5%, and 10% concentrations).
Characterization of scaffolds
Morphology and pore dimensions
For morphological studies, organo-ceramic composite fibers, Neat-PCL and PCL/HA (1%, 5%, and 10%) were cut with a razor blade accordingly and processed for SEM analysis. The organo-ceramic composites were sputter coated with gold and morphology was observed under SEM (Philips SEM 510) at an accelerating voltage of 10 kV.
The apparent density and porosity of the scaffolds were determined as per our previous publications (18), using the equations below:
Fourier Transform Infrared Spectroscopy (FTIR) analysis
FTIR measurements of Neat-PCL and composite fibers (1%, 5%, and 10%) of PCL/HA were obtained using a Nicolet IS 50 Infrared Spectrometer in ATR mode, operating at a range from 4000 cm -1 to 400 cm -1 . To obtain a good signal/noise ratio, 512 scan per sample were recorded. Percent absorption values were plotted on the y-axis and values of wavelength (cm -1 ) on the x-axis.
Differential Scanning Calorimetric (DSC) analysis
Differential scanning calorimetric (DSC) measurements of composite fibers were obtained in N 2 atmosphere at a ramp rate of 10 0 C/min to 100 0 C using DSC instrument (DSC Q 2000, TA Instruments, Inc., DE). Neat-PCL and composites (1%, 5%, and 10%) of PCL/HA were weighed (15 mg) in aluminum pans, scanned under the aforementioned parameter in a Q2000 DSC (TA instruments).
Determination of in vitro biocompatibility
Cell culture
Human mesenchymal stem cells (hMSCs) were obtained from American Tissue Culture Collection (ATCC; VA, USA), and were maintained in ATCC formulated culture medium supplemented with 7% fetal bovine serum (FBS), 2.4 mM of L-Alanyl-L-Glutamine, 15 ng/mL of Insulin-like Growth Factor-1, basic Fibroblast Growth Factor 125 pg/mL in 5% CO2 at 37 0 C. Cells were grown up to 80-90% confluency after 2-3 passes, and thereafter cells were harvested by trypsinization, counted, and subjected to experimentation. The hMSCs were also cryopreserved for future references.
Cell proliferation
To assess the effect of different concentration of the organo-ceramic composite PCL/HA on cellular proliferation, the hMSCs (10 4 cells/well) were seeded into each well of a 96-well plate with Neat-PCL, PCL/HA-1%, PCL/HA-5%, and PCL/HA-10% for 48 h in 5% CO 2 at 37 0 C. After 48 h of incubation, 10 μL of (5mg/ml) MTT (3-(4, 5-dimethylthiazol-2-yl)-2,5diphenyltetrazolium bromide) was added to each well of the 96-well plate and incubated for 4-5 h in 5% CO 2 at 37 0 C. Before reading absorbance, 100 μL of DMSO (99.99%) was added to each well to stop the reaction. Absorbance was read at 570 nm using a microplate reader (Chromate, FL, USA).
Cell morphology and apoptosis
The hMSCs were harvested after trypsinization, counted, and incubated with organoceramic composite, Neat-PCL, PCL/HA-1%, PCL/HA-5%, and PCL/HA-10% for 48 h in 5% CO 2 at 37 0 C. Cells were fixed and permeabilized with 4% formaldehyde solution for 15 min at 4 0 C. Cells were then stained with acridine orange and counterstained with propidium iodide for 15 min at room temperature. Thereafter, cells were washed gently with DPBS, mounted with glycerol, and observed under a fluorescent microscope (Nikon Eclipse TE2000, NY, USA). The percentage of apoptotic cells can be determined as follows:
ECM Cell adhesion assay
To test the expression of ECM cell adhesion molecules, hMSCs were incubated at different concentrations (cited previously) of the organo-ceramic composite fibers for 48 h in 5% CO 2 at 37 0 C. Cells in the presence of Neat-PCL served as the control. Cells were then harvested, counted, and 100 μl of 1×10 6 cells/mL (single cell suspension) was seeded to each well of the pre-hydrated 96-well plate (provided with ECM cell adhesion array kit) and incubated for 1-2 h at 37 0 C in 5% CO 2 . After incubation, media was gently aspirated from each well and washed 2-3 times with 200 μL per well of assay buffer. During aspiration 25-50 μL of wash solution was left in each well so that the cells remained hydrated at all times. After washing, 100 μL of cell stain solution was added to each well and incubated for 5 min at room temperature. After stain solution was removed, cells were then washed gently 3-5 times with MQ-water and each well was air dried for a few seconds. Thereafter, 100 μL of extraction buffer was added to each well, and incubated for 10 min on a rotating shaker at room temperature. Absorbance was read at 540 nm in reference to the 570 nm using a microplate reader (Chromate, FL, USA).
Cell spreading assay
Fluorescent microscopy was used to study the spreading behavior of hMSCs on the composite fibers. The hMSCs were cultured with the composite fibers. After incubation, cells were washed with DPBS in the culture plate without further trypsinization and stained with acridine orange for 15 min at room temperature. Next, staining solution was gently aspirated, cells were washed twice with DPBS and 50 µL of DPBS was added to each well in order to keep cells hydrated. Cells were observed under a fluorescent microscope (Nikon Eclipse TE2000, NY, USA).
Statistical analysis
Statistical analysis of three independent experiments in triplicates was carried out using One-way analysis of variance (ANOVA). Data was considered significant at p<0.05 as applicable. All statistical analysis was performed using Sigma plot version 12.0 (Systat software Inc. San Jose, CA, USA).
RESULTS AND DISCUSSION
The organo-ceramic composite fibers of PCL and HA (1%, 5%, and 10%) were collected on a stationary target with random orientation. The presence of HA in the composite was confirmed by the peak centered at ca.1050 cm -1 in the FTIR scans as shown in Figure 1 . It shows an increase in the intensity with increasing HA content. The additional peaks for phosphate groups of HA are at around 561 cm -1 and indicate a successive increase in the intensity with an increase in HA content in the composite fibers of the scaffold. Peak characteristic of the PCL are evident in the doublets centered at ca. 2950 cm -1 , which arise from C-H stretching, and the strong peak at ca. 1750 cm -1 is attributable to the ester group (COO) (Figure 1 ) (19). Previous studies have also demonstrated the use of FTIR for the characterization of HA composites (20, 21). In addition to this, hydroxyapatite from human fossils, hydroxyapatite-coated with titanium, combined with carbonated apatite, and carbon hydroxyapatite for bone tissue engineering have been characterized by FTIR spectroscopy (21-23). In the present investigation, we found that with increasing concentrations of HA in the organo-ceramic composites have different absorption patterns as compared to the control ( Figure  1 ). These results are in agreement with the previous findings (21, 24, 25).
DSC is an effective analytical tool to characterize the physical properties of biphasic composite fibers and enables to determine the melting, crystallization, mesomorphic transition temperatures. It also highlights the corresponding enthalpy and entropy changes, characterize the glass transition and other effects related to changes in heat capacity. Thus, DSC was performed to study the aforementioned physical parameters of the composite fibers. DSC scans of composite fibers, Neat-PCL, and PCL/HA (1%, 5%, and 10%) showed their melting behaviors when DSC scans were obtained FT-IR scans of Neat-PCL and samples containing 1%, 5%, and 10% wt.% of HA respectively. The spectra were recorded in ATR mode from 4000 cm-1 to 400 cm-1 range at the resolution of 512 scans per sample. FTIR data clearly indicate an increase in the peak-intensity of phosphate groups at 1050 cm-1 and at 561 cm-1 with respect to an increase in HA weight % in scaffolds. © 1996-2017 ( Figure 2) . As a result of melting behavior, Neat-PCL showed a melting peak ca. 60.2 0 C (Figure 2 ) (19). There is no obvious trend in the melting temperature or in the enthalpy of fusion associated with melting ( Figure 2 ). Further analysis revealed that the DSC scan obtained from PCL/HA-1%, PCL/HA-5%, and PCL/HA-10% showed a melting peak at ca. 60.3 0 C, ca. 60.5 0 C, and ca. 61.1 0 C respectively, which were different from Neat-PCL (Figure 2) . These results are in agreement with the other studies (26, 27).
Scanning Electron Microscope (SEM) has been developed as a tremendous tool for the use in scientific and industrial applications. The high resolution SEM is especially useful for both quantitative and qualitative nanomanufacturing. In order to examine the structure/porosities of Neat-PCL, PCL/HA-1%, PCL/HA-5%, and PCL/HA-10% biphasic composite scaffolds, SEM was carried out. These results showed a structural difference in scaffolds when compared with the control groups (Figure 3) . The composite fiber scaffolds showed a proportional relationship between increasing HA concentrations and fibers structural complexity (Figure 3) . A scanning electron micrograph from a previously published study showed similar findings (28, 29). A higher porosity in PCL/HA scaffold was observed when compared to the Neat-PCL (Figure 3) , which is in agreement with previous reports (30-32). In brief, higher HA (≥ 5% and 10%) promotes high porosity as compared to Neat-PCL (Figure 3 ).
The porosities of Neat-PCL, PCL/HA-1%, PCL/HA-5%, and PCL/HA-10% scaffolds were examined using SEM. Our results suggest that the porosity of PCL/HA scaffolds is HA concentrationdependent (Figure 3 ). These findings are in agreement with previously published studies (28, 29). A higher porosity in PCL/HA scaffolds was observed when compared to the Neat-PCL (Figure 3) , which was also supported by other reports (30-32). Further analysis revealed that the application of 10% HA promotes high porosity as compared to Neat-PCL and 1% HA (Figure 3 ). These findings were compared to porosities calculated based on the apparent and bulk densities of the electrospun scaffolds and bulk PCL, respectively, which did not show significant variation among the samples. The porosities were 73% for the Neat-PLA, and 76, 75 and 77% for the 1%, 5% and 10% HA samples, respectively. There was a slight increase in porosity for the HA containing samples relative to pure PCL.
MTT assays were performed to demonstrate the effects of organo-ceramic composite fibers on the proliferation of hMSCs. The hMSCs seeded on nanocomposite PCL/HA scaffolds in 12-well plate and showed high proliferation in HA concentrationdependent manner as compared to Neat-PCL ( Figure  4) . Additionally, previous studies have demonstrated that PCL/HA-based scaffolds showed high proliferation and osteogenic differentiation in human dental pulp stem cells (hDPSCs) and mouse adiposederived stem cells (ADSCs) (33, 34). Interestingly, magnetic bioinspired hybrid nanocomposite collagen-hydroxyapatite scaffolds enhanced cellular proliferation and restored bone generation (35, 36). However, the current study suggests that composites of PCL/HA-5% and PCL/HA-10% have a great impact on hMSCs proliferation as compared to Neat-PCL and PCL/HA-1% (Figure 4) . Cell proliferation, cell cycle, and extracellular matrix are higher when hMSCs were exposed to HA (37, 38, 39, 40). We demonstrated that cellular proliferation was increased in an HAconcentration dependent manner when hMSCs were grown on PCL/HA composites, which is also in agreement with the other studies (41-43). PCL/HA and HA combined with other polymers incubated with stem cells showed a high rate of cell proliferation, osteogenic differentiation, and increased adhesion to surface (44-47).
The morphology and interconnection of cells were further examined using fluorescent microscopy ( Figure 5 ). In Neat-PCL scaffold group, the cells proliferate but did not cover the entire strut surface of the scaffolds. Possibly these effects are due to the relatively low availability of HA scaffold surface area to attach cells ( Figure 5 ). In contrast, on HA scaffolds (5% and 10%) group, the hMSCs spread completely and form confluent layer on the strut surface (Figure 5 ), suggesting the beneficial effects of PCL/HA biphasic composite scaffolds in governing cell morphology, growth, and proliferation (48). Cells incubated with 5% and 10% concentration of PCL/HA showed healthier cellular morphology as compared to Neat-PCL ( Figure 5 ). In the previous reports, the morphology of electrospun nanofibrous scaffolds of segmented polyurethanes based on PEG, PLLA, and PTMC was determined using SEM (49, 50). Furthermore, the biocompatibility of highly microporous ceramic scaffolds was used to evaluate cell adhesion and morphology on scaffolds (51) . No apoptotic cells were found when cells were observed under a fluorescent microscope after acridine orange (live cells produce green florescence) and propidium iodide (dead cells produce red fluorescence) staining ( Figure 5 ).
To further examine the effects of different concentrations of HA (1%, 5%, and 10%) containing PCL on ECM cell adhesion molecule expression, the ECM cell adhesion assay (colorimetric) was carried out. We found that cells incubated with different concentrations (1%, 5%, and 10%) of HA showed increase expression of ECM cell adhesion molecules as compared to Neat-PCL (Figure 6 ). Additionally, results revealed that Collagen-I, II, and IV, modulated markedly as compared to Neat-PCL (Figure 6 ). Fibronectin, laminin, and vitronectin expression levels were also found significantly higher after 5% and 10% of PCL/HA exposure to hMSCs, suggesting that the organo-ceramic composite PCL/HA scaffolds are successful in mimicking the characteristics of natural bone (Figure 6 ). However, tenascin showed basal level expression in all experimental conditions ( Figure  6 ). We found similar results when cells were analyzed (Figure 6 ). These findings suggested that the exposure of different concentration (1%, 5%, and 10%) of HA modulates the expression of ECM cell adhesion molecules which ultimately contribute in enhancing the cell-cell, cell-scaffold interactions, cell spreading and thus survival of hMSCs on the composite surface. Early reports suggested that HA exposure to MC3T3-E1 cells showed enhanced the activity of ECM molecules on scaffolds (48, 52). PCL/HA scaffolds provide a natural environment to grow cells faster, which is similar to the growth pattern found in natural bone (48, 52) . Furthermore, in vivo reports showed that HA treatment contributed to bone regeneration by modulating extracellular matrix production (53, 54) . In addition, HA-scaffolds and porous HA-scaffolds influenced osteoblast cell proliferation and ECM molecule expression (37, 55). Results from the present investigation showed that the culture of hMSCs with PCL/HA nanocomposite scaffolds resulted in the high expression of ECM cell adhesion molecules, which further led to the increased expression of Collagen-I, II, and IV, fibronectin, laminin, and vitronectin ( Figure 6 ) (56, 57) . Our results showed that the organo-ceramic composite consist of 5% and 10% of HA induced cellcell, cell-scaffold interactions, and the expression of ECM cell adhesion molecules. The biophasic composite scaffold efficiently mimics natural bones, and provide a great promise in bone tissue repair and regeneration (58) (59) (60) . . The hMSCs were grown on 1%, 5%, and 10% PCL/HA, and Neat-PCL in ATCC formulated culture medium for 48 h in 5% CO2 at 37 0 C. After 48 h, to each well of microtiter plate 10µl of MTT (5mg/ml) was added and incubated for 4-5 h in the same environment. Further, to each well 100 µl of DMSO was added, and the plate was read at 595 nm using a microplate reader. The obtained histograms showed that 5% and 10% PCL/HA exposure to the hMSC cells increased cell proliferation as compared to Neat-PCL (* indicated p<0.0.5; control vs experimental). Figure 5 . The hMSCs incubated with PCL containing 1%, 5% and 10% wt.% of HA in ATCC formulated culture medium supplemented with 7%, L-Alanyl-L-Glutamine, Insulin like Growth Factor-1, basic Fibroblast Growth Factor for 48 h in 5% CO2 at 37 0 C. Cells were washed with DPBS and one set of cells were observed in phase contrast microscope while other sets of cells were observed under a fluorescence microscope after acridine orange and propidium iodide staining. Microscopic observations showed good cell morphology and no apoptotic/necrotic cell death. © 1996-2017
CONCLUSIONS
The application of organo-ceramic composite PCL/HA scaffolding to various fields of medical research continues to gain momentum each year. In this regard, we explored the impact of the biphasic composite PCL/HA scaffold with the primary attributes of a natural tissue, such as bone. PCL/HA scaffold provides a suitable natural bone environment for the efficient growth of hMSCs. The biological functionality was favorably regulated in terms of cell proliferation/ differentiation, cell adhesion, cell spreading, and the expression of ECM cell adhesion molecules and associated prominent protein such as collagens, fibronectin, laminin, and vitronectin.
PCL/HA scaffolds can be considered in natural bone grafting applications due in large part to its many cumulative benefits, which include various physio-mechanical properties and favorable biological activities. However, scaffold(s) morphology should be investigated further to improve cell adhesion to the surface of the polymer. Moreover, the present study offers a synthetic material for clinical use.
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